INTRODUCTION
The azuki bean weevil, Callosobruchus chinensis L., is a serious post-harvest pest injuring various beans of genus V igna, especially azuki bean V igna angularis. The weevils is attracted to host plants in the field, and lays eggs on young and immature pods. The structure of this attractant(s) has not been known until today. However, we already reported the identification of D-catechin1 and taxif olin from the aqueous extracts of the azuki beans as oviposition stimulant kairomones of the azuki bean weevils. In the course of the isolation procedure of these compounds, we noticed the presence of the other stimulant(s).
This paper describes the isolation of quercimeritrin, quercetin -7-0-fl-D-glucoside from the aqueous extract of azuki beans as the third oviposition stimulant of the azuki bean weevil and the synergistic effects among these three kairomones.
MATERIALS AND METHODS
The azuki bean weevils used in this study was the same strain reported in the preceding paper. 2 Weevils were reared under the following conditions; 25C, 60%R. H. and 16 hr light : 8 hr dark.
Bioassay
In order to simplify the assay method, the bioassay used in this study was performed *s To whom reprint should be requested.
with considerable modifications. Two small holes, ca. 4 mm in diameter, were bored through a plastic plate 4 mm apart. A glass bead (5 mm in diameter) treated with 10 l of the test sample solution and a control bead treated with the solvent (104u) were placed on each hole after evaporation of the solvent. The glass beads were covered with a glass container (20 mm i. d. x 10 mm in height, mini-P, Tsukuba Flat Co.), into which 2 female weevils (2-day-old, mated) were released. The number of eggs laid on each bead surface during 12 hr period were counted. The assay was conducted in a dark room controlled at 25C and 60%R. H. The activity was evaluated by Willcoxon signed ranks tests based on five to sixteen repetitions under the same condition.
Extraction and Purification
Isolation procedure of the active component(s) was conducted as shown in Fig, 1 (8.7mg ) and the precipitates were combined because they contained the same active compound which was confirmed by TLC (reverse phase KC-18 F or cellulose plates). The combined mixtures were submitted to preparative HPLC to give active compound A (43.4mg). The other active S3-MeOH fraction was subjected to preparative HPLC twice and separated into three fractions in which two fractions were active, but no further studies were made due to their small amount (1mg>).
Analytical Methods
ODS-SiO2 reverse phase (Whatman, KC-18 F, precoated, 50% McOH-H20 as solvent), polyamide (Wako Polyamide FM) and cellulose (Funacel SF, 70% McOH-H2O as solvent) plates were used to confirm separation and purity of the kairomone, by exposing the plates to iodine vapor or under a UV light (250 nm). Mass spectra (MS) were measured with a Hitachi M-80 B mass spectrometer (70 eV). iH NMR and 13C NMR spectra were obtained with a Bruker 500 MHz spectrometer. Samples were dissolved in DMSO-d6 with TMS as internal standard. Two-dimensional NMR spectra (C-H COSY, DQF-COSY, H-H COSY, TOCSY and NOESY spectra) were obtained with a Bruker AMX-50 spectrometer. UV spectra were measured with a Shimadzu UV-240 spectrometer in McOH solution. GLC analyses were carried out with a Yanaco G-180 gas chromatograph equipped with a 2% OV-1 packed column (4mm i. d. X 50 cm, 80-100 mesh) operated isothermally at 120C. Optical rotations were measured on a JASCO DIP-140 digital polarimeter using a micro-cell (2 mm i. d. X 50 mm in length).
Permethylation
Compound A (22. 7 mg) was permethylated by the procedure of Hakomori. 3 DMSO (2 ml) was added to sodium hydride (NaH, 250 mg) whose mineral oil was preliminary removed with pentane, and stirred for 15 min, to which compound A in DMSO (3 ml) was added and stirred for another 15 min. Methyl iodide (CH3I, 1ml) was added dropwise to the mixture and stirred for 6 hr. Water was added and the methylated compound A was extracted with chloroform and dried over sodium sulfate. After separation with successive OSD-Si02, Si02 columns and HPLC, the permethylated compound A (8.06mg) was obtained, and submitted to MS analysis.
Comparison of the Oviposition Stimulant
Activity among the Three Kairomones and Their Synergistic Effects The oviposition stimulant activity of the isolated compound A was evaluated and compared with those of D-catechin and taxifolin already identified. Synergistic effect of each compound was also tested in mixtures of any two compounds (natural ratios) at doses of 0. 01-10. 0 pg/bead. The mixture of the three compounds (natural ratio) was assayed at doses of 0. 0001-10. 0 g/bead.
6. Location of the Kairomones in Each Part of the Azuki Bean Plants Location of the kairomones in each part of azuki bean plants was studied using azuki bean plants grown from seeds. About 50 seeds were sowed in the soil of a planter (35 X 25 X 10 cm) on May 1 in 1993. Several plants were thinned out on June 1. In this time, thinned leaves (9. 7 g) and stems (9. 9 g) were obtained. The residue plants were harvested on October 4. The immature (14. 0 g) and mature (3. 5 g) pods, immature (7. 0 g) and mature (14. 0 g) beans, and flowers (1.0g) were extracted with McOH (100 ml) by soaking for 24 hr. Each McOH extract was assayed by the same method described above at doses of 100 mg equivalents.
RESULTS AND DISCUSSION This was confirmed by MS analysis of the permethylated compound A described later. In the aromatic region (6. 45-7. 71 ppm), orthocoupling was observed between the signals at 6. 93 and 7. 59 ppm which was meta-coupled to the signal at 7. 71 ppm (also confirmed by DQF-COSY). Similarly, both signals at 6. 45 and 6. 81 ppm were meta-coupled. This suggested the structures of 1, 3, 4-trisubstituted and 1, 2, 3, 5-tetrasubstituted benzene rings (B and A rings of quercetin), respectively. Based on these data, the aglycone was regarded as quercetin.
On the other hand, in 18C NMR, 6 carbon signals except the aglycone suggested the presence of a hexose. The only CH2 carbon signal at 60. 5 ppm was assigned to C-6" carbon atom in the hexose. The signal at 5. 07 ppm (1H, d, J=7.5Hz) was due to an anomeric proton (C-1" proton) which was axial coupling with C-2" proton (J=7.5Hz). Both signals at 3. 51 and 3. 73 ppm were assigned to C-6" protons (CH2) from the J values (J=7.5 Hz, due to geminal coupling) and C-H COSY. The signals at 3. 46 and 3. 20 ppm were derived from C-5" and C-4" protons, respectively, which were confirmed by DQF-COSY spectrum. The residual signal at 3. 33 ppm was thus decided to be C-3" proton. In addition, all the J values between the protons connected to the adjacent carbon atoms of the hexose (C-2" and C-3", C-3" and C-4", C-4" and C-5", respectively) were ca. 9 Hz, indicated these protons were axial relations. Therefore, the sugar was thought to be (-glucose attaching to the aglycone (quercetin) at C-1" position. This was confirmed as follows; compound A (20mg) was hydrolyzed with 10% trifluoroacetic acid (10ml) at 100C for 4 hr, and the sugar and the aglycone were separated by HPLC using an ODS column. The [a]D +23. 5 (H2O) value of the sugar isolated from 30% McOH/ H2O eluate was larger than that of the authentic D-glucose ([]D + 18. 7 (H2O)). This was probably because of the result of mutarotation.
The sugar was identified as D-glucose by co-GLC (2% OV-1, packed column) with an authentic glucose as TMS derivatives. In the MS spectra, the aglycone isolated from McOH eluate accorded with that of quercetin.
On the other hand, NOESY spectrum was measured on the anomeric (C-1") proton to confirm the attaching position of /l-glucose to quercetin. Cross peaks were observed between the signals at 5. 07 and 6. 45 ppm, suggesting the anomeric proton localized near C-6 proton of quercetin, and thus /l-glucose attached to C-5 or C-7 OH group of quercetin. The sharp singlet at 12. 51 ppm was assigned to the proton of C-5 OH group forming the internal hydrogen bonding between C=0 group of quercetin. Therefore, it was concluded that /3-glucose was attached to C-7 OH group of quercetin. The MS spectrum of the permethylated compound A gave M ion at m/z 576, indicating the presence of 8 OH groups (Fig. 2) . The spectrum was almost identical with that described by Seligmann (1) (Fig. 3) which was known as quercimeritrin described later.
Comparison of Oviposition Stimulant Ac-
tivities among the Three Kairomones The bioassay results of the isolated quercimeritrin 1 and the two known kairomones (D-catechin 2 and taxif olin 3) are summarised in Table 1 . Of these kairomones, 2 was most active (0.1cg/bead). The activity is shown as follows; 2 (0.1ug)>1 (1. 0g)>3 (10.0ug). In the preceding paper, 2' 2 and 3 were active at 0. 2-2. 0 ng/bead and more than 2. 0 ng/bead, respectively. In the present assay result, however, these compounds showed 1/500-1/5000 less active as previously reported. This may be due to the result of different assay methods, because both assay methods gave the same results as 2 was more active than 3. In the preceding paper, ten pairs of weevils (2-day-old) were released into a Petri dish (9 cm i. d. X 1 cm in height) in which two uncovered mini glass Petri dishes (22 mm i. d. X 8 mm in height) containing ten glass beads each (5 mm in diameter), were placed. Thus, total number of eggs laid in this assay method was larger than that of the present assay method, but the number of eggs laid per female in the controls of both assay methods were almost same (1-3 eggs/female).
Quercetin, the aglycone of 1, exhibited no significant activity as already reported. 2 The relative amounts of 2 and 3 were estimated to Thus, 2 was most active not only at absolute amounts per bead but also at mg BE/bead.
Synergistic Effect of Each Kairomone
Mixtures of the two or three kairomones (natural ratios) identified from azuki beans were assayed. The results are summarized in Table 2 . Mixtures of any two kairomones Table 2 Oviposition  stimulant  activities  of the kairomone  mixtures. 1=quercimeritrin, 2=D-catechin, 3=taxifolin. +: active (p<0. 05), -: inactive. Table 3 Oviposition stimulant activity of the extracts from each part of the azuki bean plants.
a) 100 mg equivalents/bead.
increased their activities greater than used alone ( Table 1 ). The mixture of the three kairomones was more active (active at 0. 001 an agf bead) than mixtures of any two kairomones, and 100 times as active as D-catechin itself (active at 0. 1 g/bead). Therefore, synergistic effects were observed among them.
Active Parts of the Azuki Bean Plants
Of the parts of the azuki bean plants, the extracts from mature beans and mature pods elicited oviposition stimulant activity of the azuki bean weevils (Table 3) . This result was supported by the fact that azuki bean weevils laid eggs on mature pods and mature beans in the field. The weevils also showed the activity to the immature beans. However, in the field, weevils might not lay eggs on immature beans covered over by immature pods which have no activity.
Quercimeritrin (1) was first isolated from the flowers of cotton, Gossiium hirsutum, 5 and named as a new glucoside of quercetin, but the attaching position of glucose to quercetin remained to be decided. The subsequent studies revealed that the structure of 1 was quercetin-7-0-/3-D-glucoside. Later, this compound was identified from many plants. It was feeding stimulant for the boll weevils, Anthonomus grandis. e Combination of these flavonoid kairomones markedly increased oviposition stimulant activity of azuki bean weevil.
